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Abstract

Background India contributes 15% of the total global maternal mortality burden. An increasing proportion of these
deaths are due to Pregnancy Induced Hypertension (PIH), Gestational Diabetes Mellitus (GDM), and anaemia. This
study aims to evaluate the effectiveness of a tablet-based electronic decision-support system (EDSS) to enhance
routine antenatal care (ANC) and improve the screening and management of PIH, GDM, and anaemia in pregnancy
in primary healthcare facilities of Telangana, India. The EDSS will work at two levels of primary health facilities and is
customized for three cadres of healthcare providers — Auxiliary Nurse Midwifes (ANMs), staff nurses, and physicians
(Medical Officers).

Methods This will be a cluster randomized controlled trial involving 66 clusters with a total of 1320 women in both
the intervention and control arms. Each cluster will include three health facilities—one Primary Health Centre (PHC)
and two linked sub-centers (SC). In the facilities under the intervention arm, ANMs, staff nurses, and Medical Officers
will use the EDSS while providing ANC for all pregnant women. Facilities in the control arm will continue to provide
ANC services using the existing standard of care in Telangana. The primary outcome is ANC quality, measured as pro-
vision of a composite of four selected ANC components (measurement of blood pressure, blood glucose, hemoglobin
levels, and conducting a urinary dipstick test) by the healthcare providers per visit, observed over two visits. Trained
field research staff will collect outcome data via an observation checklist.

Discussion To our knowledge, this is the first trial in India to evaluate an EDSS, targeted to enhance the qual-
ity of ANC and improve the screening and management of PIH, GDM, and anaemia, for multiple levels of health
facilities and several cadres of healthcare providers. If effective, insights from the trial on the feasibility and cost of
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Trial Registration.

implementing the EDSS can inform potential national scale-up. Lessons learned from this trial will also inform recom-
mendations for designing and upscaling similar mHealth interventions in other low and middle-income countries.

ClinicalTrials.gov, NCT03700034, registered 9 Oct 2018, https.//www.clinicaltrials.gov/ct2/show/NCT03700034

CTRI, CTRI/2019/01/016857, registered on 3 Mar 2019, http://www.ctri.nic.in/Clinicaltrials/pdf_generate php?trialid=
28627&EncHid=&modid=&compid=%27,%2728627det%27

Keywords Mobile health, Digital health, Electronic decision-support system, Clinical decision-support system,
Antenatal care, Maternal health services, Health system redesign, Pregnancy Induced Hypertension, Gestational
Diabetes Mellitus, Anaemia in pregnancy, Cluster randomized trial

Contributions to the literature

+ 'The first trial in India to evaluate the effectiveness of
an electronic decision-support system (mIRA EDSS)
targeted at enhancing the quality of ANC, designed
for multiple levels of primary health facilities and
cadres of healthcare providers as its users.

+ The mIRA EDSS has been co-designed with inter-
national and national subject experts, regional
and local stakeholders, including state and district
health officials and its targeted users (the healthcare
providers)

Background

India has significantly reduced its maternal mortal-
ity ratio (MMR) by 70% in a span of just two decades
[1, 2]. However, there is still a long way to go to achieve
the Sustainable Development Goal of reducing the
MMR to 70 deaths per 100 000 live births by 2030 [3].
Despite this reduction, India still accounts for 15% of the
global maternal mortality burden [4, 5]. The country is
also undergoing an obstetric transition [6] with indirect
obstetric causes, especially Non-communicable Diseases
(NCDs), emerging as significant contributors to maternal
mortality [7-9]. Recent studies report hypertension to
be the most common NCD amongst pregnant women in
India [10, 11], while the prevalence of Gestational Diabe-
tes Mellitus (GDM) is also rising [12, 13]. Furthermore,
over half of women in India are anemic [14].

Antenatal care (ANC) plays a critical role in the early
detection and prompt management of high-risk preg-
nancies, including timely referral to specialist services
when required [15]. Coverage is high, but the quality of
antenatal care delivered across Indian states and differ-
ent socioeconomic groups is highly variable [16, 17]. This
gap needs to be addressed by standardizing the quality of
ANC delivered in public health facilities, which are used
by a large proportion of rural, vulnerable populations.

The ubiquitous use of mobile phone technology in India
[18], including in healthcare settings, offers a potential
pathway to address the gaps and improve the quality of
antenatal care [19-21].

Decision-support systems commonly feature as a part
of the mHealth interventions tested in healthcare. Vari-
ous decision-support systems have been implemented
globally, but there is dearth of literature when it comes
their use in enhancing ANC and improving the manage-
ment of NCDs in pregnant women in low-and middle-
income countries (LMICs) [22, 23]. Only a few mHealth
interventions with a decision-support system have been
evaluated for ANC in India [24—28], and none thus far,
has targeted multiple healthcare providers at differ-
ent levels of the primary healthcare system. Therefore,
the goal of this study is to address this critical gap in the
provision of quality ANC at the primary healthcare level
in India, by co-designing/developing and evaluating the
effectiveness of a tablet-based, electronic decision-sup-
port system (EDSS). This mHealth integrated model of
pregnancy-induced hypertension, gestational diabetes
mellitus, anaemia, and antenatal care (mIRA EDSS) to
improve the quality of ANC will be evaluated through a
cluster randomized controlled trial.

Methods

Aims and objectives

The overall aim of this study is to evaluate the effec-
tiveness of the mIRA EDSS in improving the quality of
ANC in India. The mIRA EDSS comprises a tablet-based
android application to deliver guideline-based routine
ANC along with screening for, and subsequent manage-
ment of, pregnancy induced hypertension (PIH), GDM,
and anaemia.

The primary objective is to evaluate the effectiveness
of the mIRA EDSS intervention in improving the qual-
ity of ANC in the intervention arm compared to stand-
ard ANC to the control arm, assessed by changes in
the provision of four selected ANC components (the
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measurement and recording of blood pressure; and the
conduct of: a blood glucose test, a urinary dipstick test,
and a hemoglobin test).

The secondary objectives are to evaluate whether the
mIRA EDSS improves the following components of ANC
in the intervention arm as compared to the control arm:

1. Provider identification of PIH, GDM, and severe
anaemia, and their communication about this to the
participants (pregnant women)

2. The quality of provider communication about preg-
nancy symptoms and response

3. Provider counselling on danger signs

4. Provider delivery of a comprehensive suite of quality
ANC components

Study design and setting

The study is a cluster randomized controlled trial with a
1:1 allocation ratio (stratified by district), evaluating the
effectiveness and cost-effectiveness of mIRA EDSS. The
trial will be conducted in government healthcare facili-
ties [primary healthcare centres (PHCs) and their associ-
ated subcentres (SCs)] in five districts of Telangana state
in Southern India (Fig. 1). In Telangana, 95% of women
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received ANC from a skilled provider [29], but care was
inadequate for more than 50% of women [17], about 60%
of the pregnancies were reported as high-risk [30], and
more than half the pregnant women were anemic [31].
GDM is the fourth most common cause of a high-risk
pregnancy in the state [30, 32]. We selected five districts:
Medak, Rangareddy, Siddipet, Vikarabad, and Yadadri
Bhuvangiri around the state capital (Hyderabad), includ-
ing those with a low levels for provision of adequate ANC
(Rangareddy, 24.7%, and Medak, 25.1%) [33].

Intervention and its co-design

The mIRA EDSS was developed based on a robust form-
ative research process with the target population, and
was co-designed with multi-stakeholder engagement
involving international and national experts, state and
district health officials, and the healthcare providers
(targeted users). This co-designing approach resulted
in an EDSS that provides automated decision-support
prompts of guideline-recommended processes of ANC
(e.g. screening for anaemia, treatment, and counseling),
tailored to each pregnant woman’s individual needs (i.e.
her obstetric history/vital signs/abdominal examina-
tion and results of diagnostic tests). It also provides a
checklist of components specific to each ANC visit and
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Fig. 1 Study setting and randomization of facilities
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enables regular longitudinal monitoring of the preg-
nant women. Briefly, the development process for the
intervention comprised of the following phases (Fig. 2):

1. Identifying gaps: Mixed-methods formative research
was conducted in 23 facilities to assess the health
infrastructure and ANC service provision in the SCs
and PHCs of Telangana and among pregnant women,
health care providers, administrators and state health
officials. The findings revealed that most health facili-
ties have adequate infrastructure and equipment to
support the mIRA EDSS. However, important com-
ponents of ANC like ‘history taking’ and ‘counseling’
were performed sub-optimally at all the facilities. Also,
some elements of the physical examination (assess-
ment of oedema, pallor, pulse rate, respiratory rate, and
jaundice) and some investigations (urine protein, urine
glucose, and blood glucose) were frequently missed,
underlining the scope and need for improvements.
Formation of subject expert committees and finaliza-
tion of guidelines: Four Subject Expert Committees
(one each for PIH, GDM, anaemia, and ANC), com-
prising of national and international experts provided
input into the guidelines used to prepare the clinical
algorithms.

Development of the clinical algorithms: The guidelines
were used to create algorithms for decision-making
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and management of the aforementioned conditions
for all stages of pregnancy.

. Adaptation of clinical algorithms for the local context:
The Commissionerate of Health & Family Welfare
(CHFW), Telangana provided feedback on the algo-
rithms during the development phase, which was
used to tailor them to the state’s needs and priorities.

. Development of the mHealth application i.e., mIRA
EDSS: The mIRA EDSS was developed by a software
company, Quad One Technologies Pvt Ltd. as a desk-
top-based web version and a tablet-based Android
version. These two versions incorporated a rule
engine (based on the developed clinical algorithms),
which formed the backend, and; an electronic data-
capture form (the user interface) which formed the
frontend.

The mIRA EDSS includes the following components
— (i) a user interface; (ii) a patient database (iii) algo-
rithms to screen symptoms, signs, and clinical param-
eters recorded by the healthcare providers for high-risk
conditions in pregnancy and for routine ANC; (iv) rec-
ommendations on management and referral according
to the stage of pregnancy and the high-risk condition(s)
detected. The mIRA EDSS guides the healthcare pro-
vider to provide key elements of ANC, alerts them
to any danger signs identified by the clinical algo-
rithms, and provides suggested recommendations. The
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recommendations presented by the mIRA EDSS for the
MO will be different than the ones for ANMs and staff
nurses, since, the former can prescribe medicines, con-
duct certain examinations, and undertake certain man-
agement steps that the ANMs and staff nurses are neither
trained nor authorized to perform. The items recorded
on the EDSS include medical history, findings from clini-
cal and physical examinations, counseling and preventive
measures provided.

Intervention delivery

In the intervention arm, ANC will be provided to all
pregnant women by the ANMs, staff nurses, or Medi-
cal Officers (MOs) using the mIRA EDSS. These front-
line healthcare providers will be trained to use the mIRA
EDSS and will also be provided with refresher training
on the guideline-recommended processes of ANC. This
training will differ for MOs and the ANMs/staff nurses,
so as to enable them to use the mIRA application in the
provision of ANC within the limits of their authorities.
The trial’s schema is presented in Fig. 3.

Facilities randomized to the control arm will continue
to provide ANC services as per the existing standards
of care. Evidence-based guidelines in the form of post-
ers/pamphlets on the current national and state guide-
lines pertaining to the screening and management of
PIH, GDM, and anaemia, and routine ANC procedures
will be provided to all facilities in both the study arms.
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Facility selection

A list of all PHCs and their associated SCs was obtained
from the Commissionerate of Health and Family Wel-
fare (CHFW), Telangana, India. The eligible health
facilities (PHCs and their SCs) that fulfilled the inclu-
sion criteria mentioned below formed the sampling
frame.

Inclusion criteria:

+ PHCs with at least two associated SCs and having at
least 40 first ANC visits (registrations) per year

+ PHCs located within 150 min travel time from the
CHFW, Hyderabad (Fig. 1)

« Facilities with adequate infrastructure and human
resources to support the intervention (assessed via
phone survey by research staff): electricity to charge
tablets; reported availability of at least one func-
tioning blood pressure apparatus; adequate human
resources [at least one ANM at the SC and one staff
nurse and one Medical Officer (MO) at the PHC]

+ Facilities situated in a locality with self-reported reli-
able/good internet connectivity

Exclusion criteria

Health facilities in which the facility in-charge states a
strong reason for not implementing the intervention
at the facility will not be selected. Examples of reasons

Direct observation of two ANC visits for the recruited pregnant women

Direct observation of
second /follow-up ANC visit by
the field research staff
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(non-exhaustive) that would exclude the facility are: refusal
to participate because of workload concerns; ANM turno-
ver; availability of electricity for less than two hours a day;
providers not fluent in the two languages (English and Tel-
ugu) in which mIRA is offered.

The project research staft will first conduct a phone
survey to assess the eligibility of health facilities for inclu-
sion into the trial. During the phone survey, the research
staff will brief the facility in-charges about the trial, and
arrange for an in-person visit to obtain their written
informed consent. The phone survey will only be con-
ducted at the PHC level. HMIS data on the associated
SCs will be used to select two SCs with the highest num-
ber of ANC visits. Facilities that do not have sufficient
capacity with respect to the above mentioned criteria will
be replaced by another facility from the sampling frame.

Recruitment of participants (pregnant women)

After randomization and completion of the lead-in time
at the facilities in the intervention arm (described later),
field research staff stationed at each trial facility (in both
the intervention and control facilities) will recruit eligi-
ble pregnant women. When a pregnant woman visits the
health facility for an ANC consultation, the healthcare
provider (ANM at the SC, and Staff Nurse or the MO at
the PHC) will brief her about the research study and ask
if she is interested in participating. If so, the healthcare
provider will introduce her to the field research staff
from the project. The field research staff will determine
her eligibility, based on the inclusion and exclusion cri-
teria below, using a paper-based checklist:

Inclusion criteria

+ Pregnant women aged 18 years or above

+ DPregnant women visiting a trial facility up to the
end of the 28th week of gestation

+ Pregnant women who are planning to remain
within the five study districts until at least one-
month postpartum OR women whose mothers
reside in the selected districts

Exclusion criteria

+ Women coming to the trial facility for a non-routine
ANC visit (for example, to get a laboratory investi-
gation, or to collect a report or her medicine)

Once the field research staff confirms the pregnant
woman’s eligibility, she will be provided with a participant
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information sheet (PIS) (Supplementary file 1) and the
opportunity to read it (or have it to read to her if she is
not literate), ask questions and consider participation.
If she chooses to participate, the field research staff will
provide her the informed consent form (ICF) (Supple-
mentary file 2), ask her to carefully read and consider all
the information listed on it, before she provides signed
informed consent. A copy of the PIS and ICF will be
given to each pregnant woman or her representative to
keep. Women will be informed that they will be observed
twice and that they will also be contacted by telephone.
The schedule of enrolment, intervention allocation and
assessment has been described using the Standard Pro-
tocol Items: Recommendations for Interventional Trials
(SPIRIT) in Fig. 4.

Cluster randomization

Sixty-six clusters will be randomly assigned to either the
control or intervention group with a 1:1 allocation ratio
via a computer-generated randomization schedule strati-
fied by district (33 clusters in each arm). Randomization
units will be clusters of three health facilities—a PHC and
two linked SCs. Cluster randomization was preferred
over the individual randomization to avoid contamina-
tion among the participants (pregnant women). Ran-
domization will be performed by the trial statistician,
who is not involved in the day to day running of the trial.
Covariate constrained randomization will be used to bal-
ance the arms on the following baseline covariates: pres-
ence of a lab and lab technician (yes/no); more than three
staff providing ANC (yes/no); facility type (PHCs that are
always open/PHCs that are not).

Sample size

We have designed this trial to detect a 12.5% rela-
tive difference in the mean number of ANC compo-
nents measured and recorded over the two visits (eight
total) between the control and the intervention (control
mean =4, intervention mean=4.5, an absolute difference
of 0.5). This difference is based on 1) the mean number
of ANC components measured in the formative phase,
which was 1.95 (standard deviation 0.9) for a single
visit (doubled for the sample size calculation to account
for the two-visit primary outcome) and 2) a pragmatic
decision regarding the time and resources available for
recruitment. Using an intra-cluster correlation coefficient
(ICC) of 0.05 [34] and assuming an average cluster size
of 20 women, 52 clusters, 1,040 pregnant women (520
in each arm) will have 90% power to detect a 12.5% rela-
tive increase in the mean number of ANC components
over the two visits in the intervention arm compared
to the control arm (control mean=4.0, intervention
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mean =4.5). Allowing for a 20% loss to follow-up, we will
enroll 1,320 women (660 in each arm) across 66 clusters.

Blinding

Because of the nature of this intervention, pregnant
women, healthcare providers, and field research staff
collecting the outcome data will be aware of allocation
to the intervention or control arm, precluding blinding.
However, adequate measures will be taken to avoid possi-
ble bias by the field research staff. The field research staff
stationed at the facilities in the intervention arm during
the lead-in period (an intensive support period described
later) will be switched to the control arm before recruit-
ment of women starts. The field research staff will also
be trained to reduce the risk of observer bias while con-
ducting the ANC observations. The team analyzing the
data and interpreting the trial results will be masked to
the study arm until all analyses outlined in the statistical
analysis plan are completed.

Outcomes

Primary outcome

The primary outcome is the mean number of four
selected ANC components delivered by the healthcare
providers per visit, observed over two visits- the trial
enrolment visit and the next routine ANC appointment
(8 components total). The four selected components are:
1) the measurement and recording of blood pressure; and
the performance of 2) blood glucose, 3) urinary dipstick,
and 4) hemoglobin tests.

Secondary outcomes
The secondary outcomes are the:

1 Mean number of the four ANC components
observed at the enrolment visit.

2 Mean number of the following symptoms discussed
with participants (either by the provider asking or the
woman mentioning), observed over the two visits:
nausea, vomiting, vaginal bleeding, severe headache,
decreased or absent fetal movement, severe abdomi-
nal pain, and blurred vision.

3 Proportion of providers who took the appropri-
ate action per participant (as recommended by the
mIRA EDSS) in response to the aforementioned
symptoms (vomiting, vaginal bleeding, severe head-
ache, decreased or absent fetal movement, severe
abdominal pain, blurred vision) or reported clinical
parameters indicative of PIH, GDM, or severe anae-
mia.

4 Mean number of the danger signs (severe vomit-
ing, vaginal bleeding, severe headache, decreased or
no fetal movement, severe abdominal pain, blurred
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vision) mentioned to each participant by the health-
care provider for which she is advised to return for
help.

5 Proportion of participants with clinical param-
eters indicative of PIH (SBP>140 mmHg and
DBP>90 mmHg), GDM (venous blood glucose:
fasting>92 mg/dL, 1 h OGTT>180 mg/dL, 2 h
OGTT>153-199 mg/dL; glucometer test values:
fasting>92 mg/dL, 1 h OGTT>198 mg/dL, 2 h
OGTT>168-219 mg/dL) or severe anaemia (<7 g/
dL).

6 Proportion of participants who were told by the pro-
vider that they had PIH, GDM or severe anaemia.

7 Mean number of quality ANC components delivered
in the enrolment visit. The components (n = 20) are
as follows:

« tests completed: blood pressure; blood glucose;
urinary dipstick; hemoglobin tests;

« symptom check: nausea; vomiting; vaginal bleed-
ing; severe headache; decreased or absent fetal
movement; severe abdominal pain; blurred vision;

« warning about: severe vomiting; vaginal bleeding;
severe headache; decreased or no fetal movement;
severe abdominal

« pain; blurred vision;

« enquiring about mental health;

« writing on the woman-held Mother and Child
Protection card.

Intervention training, implementation and monitoring
Training

The healthcare providers (ANMs, Staff Nurses, and MOs)
at the facilities in the intervention arm will be trained in
a 3-day workshop, which will focus on: how to use the
mIRA EDSS; its hardware and software functionality;
how the mIRA EDSS uses algorithms to improve adher-
ence to existing ANC guidelines, and troubleshooting of
potential glitches. This workshop will also provide train-
ing on the routine ANC procedures which will be a part
of the clinical workflow of the mIRA EDSS. The sessions
will be delivered by trained research staff and will also be
attended by the Program Officers who have a supervi-
sory role for the health facilities at the district level. All
healthcare providers at the facilities in the intervention
arm will receive a manual for operating the mIRA EDSS
and for troubleshooting.

During the training workshop, the mIRA EDSS will be
installed on the pre-existing tablets at the PHCs and SCs,
and one additional tablet with the pre-installed mIRA
EDSS will be provided to each of the PHCs (but not SCs)
in the intervention arm.
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The training program will be evaluated to assess: a) the
healthcare providers’ ability to perform the key functions
using the mIRA EDSS intervention; b) their responses to
and understanding of the mIRA EDSS intervention fol-
lowing the training; and c) whether further training or
additional support in using the mIRA EDSS interven-
tion is needed. The healthcare providers with low scores
will receive more intensive support during the lead-in
time and will be trained again (online) to use the EDSS
application.

Implementation

Healthcare providers at the facilities in the intervention
arm will be given a lead-in time of 20 days following com-
pletion of the training, during which they will be pro-
vided with on-site support while using the mIRA EDSS to
provide ANC. During this time, any errors encountered
with the mIRA EDSS will be corrected and updates will
be released. After the lead-in time, and the installation of
the final version of the mIRA EDSS in the tablets being
used in the intervention arm, the healthcare providers
will be expected to use the mIRA EDSS to conduct ANC
consultations for all pregnant women who visit the facili-
ties. Field research staff will be stationed at the facilities
in the intervention arm on rotation during the recruit-
ment period and will conduct monthly monitoring visits
to all facilities during the follow-up period.

Monitoring

The intervention will be monitored at frequent intervals
from the start of implementation after the training, until
the conclusion of the trial. Monitoring will consist of in-
person monthly visits conducted by field research staff to
the facilities in the intervention arm. During these visits
to the facilities in the intervention arm, field research staff
will fill a monitoring checklist to record hardware and
mIRA EDSS software availability and functionality, iden-
tify newly posted staff in need of training in the mIRA
EDSS, and record indicators of utilization for the process
evaluation. Field research staff will document any tech-
nical problems with the tablet hardware or mIRA EDSS
software and attempt to resolve them during the monitor-
ing visit. Field research staff will explain any new changes
made to the application, and ensure that the latest version
is downloaded on the tablets. They will be instructed and
trained not to intervene if tablets are not being used dur-
ing ANC consultations and will not provide support if
asked for help while conducting an ANC visit observation
(but can help after the observation is over).

We will also conduct remote monitoring of mIRA
EDSS usage data. Data from the mIRA EDSS will be used
to assess the utilization of the intervention by frontline
healthcare workers via timing and duration of logins,
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and the number of mIRA EDSS entries on a given date.
The frequency of data upload to the server will be docu-
mented. GPS coordinates of the tablet during application
use will be used to assess whether data entry is occurring
at the facility site. This data will not be shared with the
field research staff. Data on the weekly ratio of entries
saved vs submitted, the proportion of applicable input
fields completed, the proportion of mIRA EDSS recom-
mendations accepted (vs ‘reject/modify’), and the pro-
portion of records prompting a test with the test results
recorded in the application will be used to assess the
quality of mIRA EDSS utilization and intervention fidel-
ity. We will document additional data on technical sup-
port, such as events of application crashes and other
technical errors reported to designated mIRA research
staff, time taken to resolve queries, or the number of
requests received from healthcare providers for help
with data editing in the application. This activity will
not be used for course correction, beyond maintenance
and technical support, during the trial’s implementation
period.

Data collection

Field research staff stationed at or visiting the facilities
will conduct ANC observations using an ANC observa-
tion checklist to collect the trial outcome data for the
women who consented to participate in the trial in inter-
vention and control facilities. This paper-based ANC
checklist will be used to record the components of ANC
completed by the health care provider during a consul-
tation with pregnant women recruited under the trial.
The first ANC observation will be conducted on the day
of recruitment (the ‘enrolment visit’). The field research
staff will collect contact details from the woman during
the enrolment visit and will telephone the woman one
week prior to her next scheduled routine ANC visit to
confirm her appointment. Field research staff will then
make sure to be present at the facility for the pregnant
woman’s visit to conduct the second ANC observation.
Throughout this time, all information will also be col-
lected from paper-based records such as the ANC, high
risk, and referral registers, and the Mother and Child
Protection (MCP) cards. All trial outcome data will be
collected via the ANC observation checklist (Supplemen-
tary file 3) & MCP cards to ensure comparability between
arms. A summary of trial outcomes’ data collection,
tools, sources and period of data collection has been pro-
vided in Table 1, and the CONSORT trial flow diagram is
presented in Fig. 5.

Statistical methods
The primary analyses will be conducted according to ran-
domised arm of the facility in which pregnant women
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Table 1 Data collection and source
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Outcome

Data source

Time

The mean number of the four selected ANC components completed
per visitover two visits (8 components) (primary outcome)

The mean number of the four selected ANCcomponents completed
at the enrolment visit (secondary outcome #1)

Themean number of symptoms discussed either by the provider
asking or the womanvolunteering (nausea, vomiting, vaginal bleed-
ing, severe headache, decreased orabsent fetal movement, severe
abdominal pain, blurred vision) observed over thetwo visits
(secondary outcome #2)

(among participants who said they wereexperiencing vomiting, vagi-
nal bleeding, severe headache, decreased or absentfetal movement,
severe abdominal pain or blurred vision or who were told thatthey
had hypertension in pregnancy, GDM or anaemia) the action taken
bythe provider in response

(secondary outcome #3)

Themean number of danger signs the provider tells the women she
should return forhelp
(secondary outcome #4)

Theproportion of participants were told by the provider that they
hadhypertension in pregnancy, GDM or severe anaemia
(secondary outcome #5)

proportionof participants for whom there was a recording of the
diagnostic parameters ofhypertension, GDM or severe anaemia
(secondary outcome #6)

Inthe enrolment visit, the mean number of 20 components of quality
antenatal caredelivered
(secondaryoutcome #7)

ANC observation tool

ANC observation tool

ANC observation tool

ANC observation tool & MCP card

ANC observation tool

ANC observation tool

MCP card

ANC observation tool

At enrolment visit and next routine ANC visit

At enrolment visit

At enrolment visit and next routine ANC visit

At enrolment visit and next routine ANC visit

At enrolment visit and next routine ANC visit

At enrolment visit and next routine ANC visit

At enrolment visit and next routine ANC visit

At enrolment visit

were recruited. The continuous primary outcome (i.e.
mean number of the four selected components of ANC
observed over two visits) will be analysed at the indi-
vidual level using Generalised estimating equation (GEE)
analysis with identity-link function. GEE assumes that
observations within the same clusters may be correlated.
For the analysis of cluster randomized trials, it is usual
to assume that the correlation matrix is exchangeable,
meaning that observations on participants in different
clusters are uncorrelated, while observations on individu-
als in the same cluster all have the same correlation coef-
ficient p.

We will adjust the primary analysis regression for the
following pre-specified baseline covariates likely to be
associated with the outcome to improve the efficiency
of the analysis and avoid chance imbalances [35]: gesta-
tional age at enrolment, number of previous ANC visits
and scheduled caste or tribe.

For categorical secondary endpoint analyses i.e., the
proportion of pregnant women who were told by the pro-
vider that they had hypertension in pregnancy, GDM or
severe anaemia and proportion of pregnant women for
whom there was a recording of the diagnostic parameters
of hypertension, GDM or severe anaemia, the relative
risk for these secondary outcome(s) between the mIRA
EDSS and standard care group will be analysed at the

individual level using GEE analysis with logarithmic-link
function.

Recognising that the trial is not powered to detect
effect differences in subgroups, we will conduct explora-
tory subgroup analyses for the primary outcome to deter-
mine if the intervention effect varies by the following
pre-specified subgroups: age (split at the median); parity
(0/1 or more); caste or tribe (yes/no); highest education
level completed (completed primary or above/other);
EDSS use (used for entire ANC consultation/not used
for entire consultation) and gestational age at first visit
(<10 week/10 week or above). Within the pre-specified
subgroups, we will assess heterogeneity of treatment
effect with a test for interaction [5-9]. Interaction test
p-values will be presented but will be interpreted with
caution, due to the exploratory nature, the multiple tests
performed and the low power of the interaction test.
We will estimate beta coefficients along with 95% Cls
for each subgroup. As this is an exploratory analysis of
potentially influential characteristics, we will not hypoth-
esise effect directions.

The primary outcome data with missing values will be
handled under two different assumptions. First, the pri-
mary outcome will be considered as complete if it is con-
firmed that the participant attended the facility for the
second visit. Data missing for both of these visits will be
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Clusters assessed for eligibility (n=No of clusters)

Excluded (n=No of clusters)

* Not meeting inclusion criteria (n=# of clusters)
* Declined to participate (n=# of clusters)

* Other reasons (n=# of clusters)

Cluster allocation (n=66)

!

Clusters allocated to intervention arm (n=33)

Received intervention (n=No of clusters,
average cluster size, variance of cluster sizes)

Did not receive intervention, give reasons (n=No
of clusters, average cluster size, variance of
cluster sizes)

}

Clusters allocated to control arm (n=33)

Received control (n=No of clusters, average
cluster size, variance of cluster sizes)

Did not receive control, give reasons (n=No of
clusters, average cluster size, variance of cluster
sizes)

\/

Individual participants enrolled in trial
(n=1,320)

l

Enrolment visit (n=660)
Received intervention (n=)
Did not receive intervention, give reasons (n=)

l

Next routine ANC visit (n=)
Received intervention (n=)
Did not receive intervention, give reasons (n=)
Visit not observed, give reasons (n=)

l

Analysis
Complete primary outcome (n =)
Excluded from analysis (n =)

Fig. 5 CONSORT Trial flow diagram

assumed and coded as component ‘not done’ Second, the
primary outcome will not be considered as complete if
the second visit data is missing and it is confirmed that
the participant did not attend for this visit. In this case,
participants’ data will not be included in the primary
analysis.

Process evaluation

A mixed-methods process evaluation will be nested
within the trial assessing intervention effectiveness.
The overall aim of the process evaluation is to generate
evidence to inform the interpretation of the outcomes
of the main trial, and to further understanding of the

l

Enrolment visit (n=660)
Received control (n=)
Did not receive control, give reasons (n=)

|

Next routine ANC visit (n=)
Received control (n=)
Did not receive control, give reasons (n=)
Visit not observed, give reasons (n=)

l

Analysis
Complete primary outcome (n =)
Excluded from analysis (n =)

theories underpinning mIRA EDSS quality improvement
interventions.

As part of the parallel mixed-method process evalua-
tion [36], data for quantitative and qualitative analyses
will be collected at multiple time points throughout the
trial. Quantitative data collection methods will include
ongoing routine monitoring from all sites. A baseline
facility survey will be conducted for facilities in both
trial arms to examine the role of structural quality and
organizational factors in moderating the intervention
process and effects. Monitoring data from in-person
research staff visits to the facilities in the intervention
arm and backend data from the mIRA EDSS will be used
to evaluate the frequency and quality of use of mIRA.
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As mIRA will be implemented alongside existing paper-
based record-keeping systems, we will conduct an audit
of record-keeping practices to examine change in com-
pleteness and accuracy of the ANC register and MCP
cards before and after mIRA EDSS implementation.
Qualitative data collection methods will include regular
debriefing meetings and field notes from field research
staff involved in the trial implementation and end-line in-
depth interviews with selected healthcare providers who
used the mIRA EDSS; policymakers and research staff
involved in the implementation of the intervention.

Economic evaluation

We will conduct an economic evaluation to estimate the
additional costs of the intervention relative to the value
of the improved health outcomes achieved by calculat-
ing the additional cost of the intervention and the use
of resources for providing ANC in the intervention and
control arms.

The cost of the enhanced ANC intervention includes
the cost of the mIRA EDSS, and the training costs
incurred to facilitate the integrated management of
patients by healthcare providers. Healthcare resource use
will also change if the intervention is successful. While
for some women, improved management will avoid
some future costs, healthcare resources used by others
will increase as a consequence of receiving care that they
would not have received in the absence of the interven-
tion. Thus, the net impact might be to either increase or
decrease costs. The improved health outcomes will be
estimated using trial data on the number of ANC compo-
nents received by women; the proportion of women iden-
tified with GDM or PIH; the proportion of women with
GDM or PIH whose blood sugar and pressure are con-
trolled to recommended targets (in both the control and
intervention arms). This information will be combined
with data from the literature to estimate the additional
QALYs generated by the intervention. The final step is to
combine the changes in resource use and the changes in
health outcomes in a single measure that can potentially
be compared with the cost-effectiveness of other inter-
ventions for this patient group, or other patient groups.

Data management

There will be two sources of data— the mIRA EDSS and
the data collected by the field research staff and entered
into the Microsoft Access template. All electronic data
will be encrypted, password-protected, and stored in
secure servers and computer networks.

The project’s Data Manager will export data from the
cloud-based server and validate the dataset at regular
intervals to check any possible data inconsistencies. All
data management activities like data cleaning and data
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merging will be done by using the statistical software
Stata. Any data related queries will be shared with the
project team in a Query Management Excel Sheet. For
any additional surveys (like Facility Survey or MCP Card
reports), the Data Manager will create a data entry appli-
cation in Microsoft Access or REDCap software. The
Data Manager will also create informative dashboards
and data reports using data visualization tools like Micro-
soft PowerBI and Bl-tools for Excel. Access to study doc-
uments and data will be granted to selected members of
the research team as per PHFI's data sharing policy. All
study data will only be identified by a participant study
ID number, and medical confidentiality will be preserved
in accordance with International Conference on Harmo-
nisation (ICH) Good Clinical Practice (GCP) guidelines.
Any notes with personal identifiers will only be accessi-
ble to the research staff that are in contact with pregnant
women, those responsible for coordinating visits, and
study personnel authorized by the principal investigators.
At the end of the study, the electronic database will be
archived in accordance with institutional procedures for
10 years.

Data monitoring

The research staff will compile data collected throughout
the trial to prepare monitoring reports. These reports
will include data on recruitments per site, dropouts,
details from intervention monitoring, intervention usage
rate, adverse events and serious adverse events reported.
These will be shared by the operational group comprised
of the study research staff with the Trial Steering Com-
mittee and the Independent Data Monitoring Commit-
tee to ensure that the trial is progressing according to the
planned objectives and milestones. These committees
include external members, independent of the sponsors
and funders, as well as the collaborating institutions,
who meet annually. The Trial Steering Committee has
been formed with aim to provide oversight for the trial.
The Trial Steering Committee members are expected to
be constructively critical of the ongoing trial while also
being supportive of its aims and methods. The Independ-
ent Data Monitoring Committee will monitor the data
emerging from the trial, in particular as they relate to
the safety of participants, and to advise the Trial Steering
Committee on whether there are any reasons for the trial
not to continue.

Monthly project monitoring reports, compiled and
summarized by the operational group [37] will be shared
with the Trial Management Group to facilitate the com-
pilation of lessons learned. Key findings may also be
discussed along with the progress updates shared in the
annual meetings with the Trial Steering Committee and
the Independent Data Monitoring Committee.



Mohan et al. BMC Pregnancy and Childbirth (2023) 23:72

Adverse events

The mIRA EDSS is not evaluating any new drug or inva-
sive procedure that requires specific monitoring of safety
parameters. Rather, it is a health-systems study that is
advancing the implementation of existing, evidence-
based guidelines for PIH, GDM, anaemia management,
and routine ANC. Information about the occurrence of
any adverse event will be sought at all scheduled visits/
calls by the field research staft, and outside of scheduled
visits by participant self-report. Patients will have access
to the physician (MO) at the PHCs for remedial measures
in the event of any adverse events. The healthcare provid-
ers reserve the right to reject any recommendations sug-
gested by the mIRA EDSS, if not considered suitable for
the patient. Reporting of all serious adverse events will be
done to the International Data Monitoring Commitee in
a biannual report. The clinical adverse events reported
will include event of maternal intensive care unit (ICU)
admission, maternal death in pregnancy, uncontrolled
blood sugar, and maternal ketoacidosis due to hypergly-
cemia. Apart from the clinical adverse events, we will also
follow Food and Drug Administration’s (FDA) guide to
classify other non-clinical adverse events into three cat-
egories: (1) errors of commission, such as accessing the
wrong patient’s record or overwriting one patient’s infor-
mation with another’s; (2) errors of omission of transmis-
sion, such as the loss or corruption of vital patient data;
(3) errors in data analysis, including medication dosing
errors of several orders of magnitude [38].

Discussion

This paper describes the protocol for a cluster-rand-
omized controlled trial to evaluate the effectiveness of an
mHealth intervention (i.e., the mIRA EDSS) in enhanc-
ing the quality of ANC and improving the screening
and management of PIH, GDM, and anaemia, in rural
primary healthcare settings in India. To the best of our
knowledge, only a few mHealth interventions in India
have been tested for improving maternal and child health
outcomes [22-26]. Of these, the two mHealth interven-
tions [24, 25] that involved a clinical decision-support
system only targeted community health workers who
worked primarily at the SC level and were responsible
for referring pregnant women to the PHC. However, the
results from these studies are not yet available.

To make a significant impact on improving maternal
and child health, there is a need for an intervention that
can seamlessly work at multiple levels of the health sys-
tem, can be used by different cadres of health care pro-
viders and has the potential to be integrated within the
existing clinic work flow. We address these important
aspects in the current study as we plan on testing the
mIRA EDSS which works at two facility levels (PHCs and
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SC), is also customized for use by three cadres of health-
care of providers — physicians (MOs), staff nurses, and
ANMs and can be easily integrated on a “plug and play”
mode within the existing clinic work flow and digital
infrastructure.

Interventions work best when tailored to the settings
and cultural context. A unique feature of the mIRA EDSS
is its development process. It was co-designed by mean-
ingfully engaging relevant subject experts (international
and national), regional and local stakeholders (state and
district health officials), and its targeted users (three
cadres of healthcare providers — ANM, staff nurse, and
MO). Further, the intervention development has also
been informed by a robust formative research process in
23 health facilities. This co-design approach has helped
in ensuring that the evidence-based screening and man-
agement recommendations produced are tailored to the
state’s as well as the healthcare provider’s needs, and cus-
tomized as per the local digital infrastructure at the facil-
ities to increase the likelihood for a wider scale-up, if it is
proved to be effective.

Furthermore, during the implementation, health offi-
cials will be involved in the supervision and manage-
ment of the work at the trial facilities. This will also help
in a smooth transition during potential scale-up, if the
mIRA EDSS is effective. Another strength of this study
is that the team assembled to develop the intervention
and conduct the trial has experience in designing and
successfully implementing similar mHealth interven-
tions for non-pregnant populations. The committees
involved in forming the guidelines for quality ANC, and
screening and management of PIH, GDM, and anaemia
included national and international subject experts in
the respective areas, ensuring that the most current evi-
dence was used.

If the mIRA EDSS is effective in enhancing the qual-
ity of ANC, the insights that India will gain into the
feasibility and cost of implementing an EDDS, through
the robust process evaluation and economic evalua-
tion, respectively, may inform potential national scale-
up. This scale-up can be facilitated with the increasing
advances in information technology and would align
well with India’s Digital Health Mission initiative. The
lack of high-quality evidence on the efficacy, feasibil-
ity, and cost-effectiveness of mHealth interventions has
been a barrier to the scaling of mHealth interventions
in LMICs [39-42]. This trial, through its robust process
and economic evaluation, will help answer these criti-
cal questions about the feasibility and cost-effectiveness
of implementing mHealth interventions to enhance
ANC. Lessons learned from this trial will also inform
recommendations for designing, evaluating and scaling
up similar mHealth interventions in other LMICs. The
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integration of the mIRA EDSS with other existing digi-
tal records will be useful in decreasing the record-keep-
ing workload for healthcare providers. Furthermore,
the feasibility to add further components to the mIRA
EDSS like postpartum care, immunization, etc. can be
explored.

This trial will provide much needed evidence on the
effectiveness of mHealth interventions in improving the
provision of ANC at the primary healthcare level. One
possible limitation of the study would be ensuring com-
pliance with the intervention. Measures will be taken to
tackle this during the intervention lead-in period. Dur-
ing the training sessions and each monitoring visit, the
field research staff will keep notes on major technical
difficulties reported by the healthcare providers which
might keep them from using the mIRA EDSS. Secondly,
this trial will not measure improvement in health out-
comes for the mother and the newborn. However, the
possibility to access the state’s district-level data on
these outcomes can be explored to conduct a secondary
analysis for assessing whether there is an association
with health outcomes. Thirdly, the findings from this
study will not be generalizable to urban settings where
many pregnant women seek care in private clinics and
hospitals.
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